This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



(19) 



J 



Europaisches Paten tarn t 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

19.12.2001 Bulletin 2001/51 

(21) Application number: 01114023.3 

(22) Date of filing: 08.06.2001 



(11) EP 1 164 530 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : G06F 19/00 



(84) Designated Contracting States: 


• Schell, Robert D. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Goshen, Indiana 46528-9579 (US) 


MC NL PTSETR 


• Miller, Randall W. 


Designated Extension States: 


Goshen, Indiana 46526 (US) 


AL LT LV MK RO SI 


• Perry, Joseph E. 




Osceola, Indiana 46561 (US) 


(30) Priority: 16.06.2000 US 211964 P 


• Moore, Starke S. 




Elkhart, Indiana 46514 (US) 


(71) Applicant: Bayer Corporation 




Pittsburgh, PA 15205 (US) 


(74) Representative: Petrovicki, Wolfgang, Dr. 




Bayer AG Konzernbereich RP Patente und 


(72) Inventors: 


Lizenzen 


• Trippel, Christine G. 


51368 Leverkusen (DE) 


Mishawaka, Indiana 46544 (US) 





(54) System, method and biosensor apparatus for data communications with a personal data 
assistant 



CM 
< 

O 
CO 

CO 



(57) A system, method and biosensor apparatus are 
provided for data communications with a personal data 
assistant. The biosensor apparatus includes a sensor 
for receiving a user sample to be measured and a mi- 
crocontroller for performing a predefined test sequence 
for measuring a predefined parameter value. An inter- 
face logic block is coupled to the microcontroller for 
communicating the predefined parameter data value to 
the personal data assistant. The personal data assistant 
provides an operator interface, data management and 
analysis of biosensor results. 
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Description 

Field of the Invention 

[0001] The present invention generally relates to a bi- 
osensor, and, more particularly, to a new and improved 
system, method and biosensor apparatus for data com- 
munications with a personal data assistant. 

Description of the Prior Art 

[0002] The quantitative determination of analytes in 
body fluids is of great importance in the diagnoses and 
maintenance of certain physiological abnormalities. For 
example lactate, cholesterol and bilirubin should be 
monitored in certain individuals. In particular, the deter- 
mination of glucose in body fluids is of great importance 
to diabetic individuals who must frequently check the 
level of glucose in their body fluids as a means of regu- 
lating the glucose intake in their diets, insulin intake and 
events. While the remainder of the disclosure herein will 
be directed towards the determination of glucose, it is 
to be understood that the procedure and apparatus of 
this invention can be used with other diagnostic sys- 
tems. 

[0003] Diagnostic systems, such as, blood glucose 
systems include a biosensor apparatus used to calcu- 
late the actual glucose value based on a measured out- 
put, such as, current or color, and the known reactivity 
of the reagent sensing element used to perform the test. 
The test results typically are displayed to the user and 
stored in a memory in the biosensor apparatus, 
[0004] One known personal data assistant is a 
Palm™ handheld personal data assistant. It is desirable 
to provide a mechanism to enable the use a personal 
data assistant with a biosensor apparatus to eliminate 
the need for a user to manually enter data or go through 
a hook-up process to download measurements from a 
separate blood glucose monitor. A need exists for an 
efficient and effective mechanism to enable a biosensor 
to communicate with a personal data assistant. It is de- 
sirable to provide an improved method for storing and 
displaying information for use by a diabetic patient and 
also allows the user to augment stored glucose results 
by entering and storing insulin amounts and time as well 
as other relevant markers, for example, logbook capa- 
bility. 

Summary of the Invention 

[0005] An important object of the present invention is 
to provide a new and improved system, method and bi- 
osensor apparatus for data communications with a per- 
sonal data assistant. Other important objects of the 
present invention are to provide such system, method 
and apparatus that eliminates or minimizes the need for 
user interaction; and to provide such method and appa- 
ratus substantially without negative effect; and that 



overcome some disadvantages of prior art arrange- 
ments. 

[0006] In brief, a system, method and biosensor ap- 
paratus are provided for communications with a person- 

5 al data assistant. The biosensor apparatus includes a 
sensor for receiving a user sample to be measured and 
a microcontroller for performing a predefined test se- 
quence for measuring a predefined parameter value. An 
interface logic block is coupled to the microcontroller for 

10 communicating with the personal data assistant. The 
personal data assistant includes an interface logic block 
for communicating with the biosensor apparatus. The 
personal data assistant provides an operator interface, 
data management and analysis of biosensor results. 

15 

Brief Description of the Drawings 

[0007] The present invention together with the above 
and other objects and advantages may best be under- 
go stood from the following detailed description of the pre- 
ferred embodiments of the invention illustrated in the 
drawings, wherein: 

FIG. 1 is a block diagram representation of a system 
25 including a biosensor apparatus and a personal da- 
ta assistant in accordance with the present inven- 
tion; 

FIG. 2 is a block diagram representation of a bio- 
30 sensor apparatus in accordance with the present in- 
vention of the system of FIG. 1 ; 

FIG. 3 is a block diagram representation of a per- 
sonal data assistant used with the biosensor appa- 
35 ratus of FIGS. 1 and 2 in accordance with the 
present invention; 

FIG. 4 is a flow chart illustrating exemplary user in- 
terface operations of the personal data assistant of 
40 FIG. 3 in the system of FIG. 1 in accordance with 
the present invention; 

FIG. 5 is a flow chart illustrating exemplary sequen- 
tial timing steps performed by the biosensor appa- 
45 ratus of FIGS. 1 and 2 in accordance with the 
present invention; 

FIGS. 6-1 3 are flow charts illustrating exemplary se- 
quential steps performed by the personal data as- 
50 sistant of FIGS. 1 and 3 in accordance with the 
present invention; and 

FIGS. 14-16 are flow charts illustrating exemplary 
sequential steps performed by the biosensor appa- 
55 ratus of FIGS. 1 and 2 in accordance with the 
present invention. 
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Detailed Description of the Preferred Embodiments 

[0008] Having reference now to the drawings, in FIG. 
1 there is illustrated a system designated as a whole by 
the reference character 1 0 and arranged in accordance 5 
with principles of the present invention. System 10 in- 
cludes a biosensor apparatus 100 used together with a 
personal data assistant 200. Personal data assistant 
200 also is adapted for bi-directional communications 
with a host computer 300. 

[0009J In FIG. 2 there is illustrated the biosensor ap- 
paratus designated as a whole by the reference char- 
acter 1 00 and arranged in accordance with principles of 
the present invention. Biosensor apparatus 100 in- 
cludes a data acquisition circuit generally designated by 
the reference character 102 and a microcontroller sec- 
tion generally designated by the reference character 
104. Data acquisition circuit 102 includes a sensor 106 
for receiving a blood sample from a user for performing 
a blood glucose test. A sensor drive input and a current 
input are applied to the sensor 1 06. One of a pair of elec- 
trostatic discharge suppressors 108 and 109 is coupled 
respectively to the sensor drive input and the current in- 
put. A programmable voltage source 110 is coupled to 
an analog switching device 112. A voltage reference 
VREF and an analog ground or common ACOM are ap- 
plied to the programmable voltage source 110. Analog 
switching device 112 is also coupled to a reference re- 
sistor 114 and a thermistor 116. Both the reference re- 
sistor 114 and the thermistor 116 are also connected to 
a transimpedance amplifier 118. Analog switching de- 
vice 112 couples a drive voltage or open to the sensor 
106 at the sensor drive input. The transimpedance am- 
plifier 11 8 coupled to the sensor current input applies an 
input to an analog-to-digital converter (ADC) with 
threshold detection 120. A voltage reference VREF and 
an analog ground or common ACOM are applied to the 
ADC with threshold detection 120. A gain resistor 122 
and a parallel, series connected shunt 124 and current 
shunt 126 are connected across the transimpedance 
amplifier 118. Data acquisition circuit 102 includes a 
voltage reference and distribution block 128 to supply 
reference voltages to the rest of the system. The sensor 
detect input connects to the microcontroller 130. 
[0010] Microcontroller section 104 includes a micro- 
controller 1 30 receiving a voltage supply VCC input from 
the voltage reference and distribution block 128. A me- 
ter and communications program 131 is used with the 
microcontroller 130 in accordance with features of the 
preferred embodiment. Microcontroller is coupled to the 
programmable voltage source 110 and the ADC with 
threshold detection 120. Microcontroller section 104 in- 
cludes an interface logic block 1 32 coupled between the 
microcontroller 130 and a module interface connector 
134 enabling communications with the personal data 
assistant 200 of FIG. 2. Microcontroller 130 contains 
suitable programming to perform the methods of the in- 
vention as illustrated in FIGS. 5 and 14-16. 



[001 1 ] Referring to FIG. 3, the personal data assistant 
(PDA) 200 includes a processor section 202 and a user 
interface 204. The processor section 202 includes a 
processor 206 together with a biosensor program 207 
in accordance with features of the preferred embodi- 
ment. Processor section 202 contains suitable program- 
ming to perform the methods of the invention as illus- 
trated in FIGS. 4 and 6-13. The processor section 202 
includes a PDA interface connector 208 enabling com- 
munications with the biosensor apparatus 100. An inter- 
face logic block 210 is coupled between the PDA inter- 
face connector 208 and the processor 206. An IR inter- 
face 212 and a RF interface 214 are coupled to the proc- 
essor 206 for communications with a host computer 
300. It should be understood that the principles of the 
present invention are not limited to the use of connectors 
134 and 208 of FIGS. 2 and 3. For example, the IR in- 
terface 212 could be used with an IR port (not shown) 
on the biosensor apparatus 1 00 for communications be- 
tween the biosensor apparatus 100 and the PDA 200. 
[001 2] PDA user interface 204 includes a touch sen- 
sitive display 220 coupled to the processor 206. PDA 
user interface 204 includes a stylus 222 for providing 
user selections. PDA user interface 204 includes a plu- 
rality of switches or buttons 224 for providing user se- 
lections. 

[0013] In accordance with the invention, the desired 
system behavior includes that the user attaches the bi- 
osensor apparatus 100 to the PDA 200; the users in- 
serts a strip into the biosensor apparatus 100; the PDA 
200 turns on if it is off; or if it is on immediately runs the 
biosensor program. Then the biosensor apparatus 100 
and meter and communications program 131 , and PDA 
200 and biosensor program 207, run in test mode. 
[0014] To enable the biosensor apparatus 100 to 
wake up the PDA 200 when a strip is inserted, an inter- 
rupt line of PDA 200 is used. The PDA Modem Hotsync 
program also uses this interrupt line. Therefore the PDA 
Modem Hotsync button is re-mapped to run the biosen- 
sor program 207 and not the Modem Hotsync program. 
This re-mapping is done by setting the modem hotsync 
button in the Preferences program, a PDA supplied ap- 
plication. This re-mapping is performed at installation 
time. The default mapping of the hotsync modem button 
is to run the Modem Hotsync program. 
[0015] In order to allow a user to hotsync their PDA 
200 with a modem and then to use the biosensor pro- 
gram 207 a check in the biosensor communications pro- 
gram is performed to see if the test module biosensor 
apparatus 100 is attached to the PDA 200 or a modem 
is attached to the PDA 200. When the biosensor pro- 
gram 207 starts up by the insertion of a test sensor strip, 
a check is done to see if the biosensor apparatus 100 
is attached. If the biosensor apparatus 100 is attached 
then the biosensor communications program continues 
in Test mode. If the biosensor apparatus 100 is not at- 
tached then the biosensor program 207 terminates and 
the Modem Hotsync program is initiated. 
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[001 6] After installation of the biosensor program 207, 
if the user modifies the mapping of the modem hotsync 
button (by the Preferences program) or a hard reset is 
done on the PDA 200 (which puts the modem hotsync 
button back to its default) the biosensor program 207 
will not run when a user inserts a strip into the test mod- 
ule attached to the PDA 200. The logbook portion of the 
biosensor program 207 will still run because this pro- 
gram is started when the user taps on a predefined icon. 
The logbook portion is not started via the interrupt line. 
[0017] If the user repeatedly inserts and removes a 
sensor without applying sample, the system will handle 
these multiple inserts thereby preventing the program 
from running multiple times. 

[0018] FIG. 4 illustrate exemplary user interface op- 
erations of system 1 0 including the biosensor apparatus 
100 of FIG. 1 and the personal data assistant 200 of 
FIG. 2 in accordance with the present invention. A log- 
book block 400 is provided for displaying historical data 
and a graphs block 402 enables analysis of results data 
and graphical display of the historical data. A download 
external meter data block 404 enables downloading of 
data stored in the biosensor apparatus 100. A delete 
records block 406 enables the user to delete data 
records. A change user preferences block 408 enables 
the user to enter and update user preferences. An about 
block 41 0 is provided for displaying system information 
to the user. An edit/enter user-entered records block 412 
is provided for the user to enter and edit records, such 
as insulin, event, blood, and the like. An edit meter 
records block 41 4 is provided for the user to edit records, 
meter and module records, such as markers, and the 
like. A waiting for application of sample block 416 ena- 
bles the user to process a change in a code F# for a test 
strip and start a test. A test countdown block 418 dis- 
plays a countdown for the user after a sample is applied 
to the test strip in the biosensor apparatus 100. 
[0019] FIG. 5 illustrates exemplary sequential timing 
steps performed by the biosensor apparatus 100 in ac- 
cordance with the present invention. In accordance with 
features of the invention, steps are taken to keep power 
usage to a minimum. When the serial port is enabled a 
charge pump in the PDA 200's RS232 interface chip us- 
es a lot of power. To reduce power consumption the bi- 
osensor program 207 will briefly enable the serial port 
to monitor the clear to send (CTS) line. The CTS line is 
used to detect if the test module has been disconnected; 
to indicate when an error has occurred in the test mod- 
ule; to indicate when a sample has been applied to the 
test sensor; and to indicate a test complete. 
[0020] In FIG. 5, a strip is inserted as indicated in a 
block 500. Initial offset, reference and temperature read- 
ings are taken as indicated in a block 502. Then waiting 
for a sample to be applied or threshold is performed as 
indicated in a block 504. Then the CTS line is toggled 
from low to high as indicated in a block 506. At a first 
set time, such as 1 6 seconds, an offset reading is taken 
as indicated in a block 508. At a second set time, such 



as 1 4 seconds, a reference reading is taken as indicated 
in a block 510. At a third set time, such as 12 seconds, 
a temperature reading is taken as indicated in a block 
51 2. At a fourth set time, such as 5 seconds, the voltage 

5 shunt 124 in the biosensor apparatus 100 is turned on 
as indicated in a block 514. At a fifth- set time, such as 
1 second, the voltage shunt 124 in the biosensor appa- 
ratus 1 00 is turned off as indicated in a block 51 6. Final- 
ly, at 0 seconds, the sensor reading is takes and a glu- 

10 cose reading is computed as indicated in a block 518. 
The data is sent to the PDA 200 as indicated in a block 
520. Then the biosensor apparatus 1 00 is shutdown as 
indicated in a block 522. 

[0021] In accordance with features of the invention, 
15 steps are taken to maintain critical test timing. It is im- 
portant to keep the user from wasting a strip. Because 
of the critical timing of the test countdown and the desire 
not to waste a strip, it is important to remain in the meter 
and communications program 131 while waiting for 
sample and during test countdown. Therefore external 
PDA 200 system interrupts are either ignored or de- 
layed, for example, system timers, button presses, 
menu choices, or the power off button. Because the test 
timing is critical therefore the biosensor apparatus 100 
handles all of the test timing and does not rely on the 
PDA 200. To conserve power the biosensor apparatus 
100 is only turned on when a strip is inserted. The bio- 
sensor apparatus 100 generates an interrupt to wake 
up the PDA 200 so that the PDA 200 does not need to 
be running prior to the insertion of a strip. When a test 
has completed or when an error has occurred the bio- 
sensor apparatus 1 00 is sh utdown immediately after re- 
porting its status to the PDA 200. However, the PDA 200 
will remain on. The system 1 0 has the capability of al- 
lowing the PDA 200 to wake up the biosensor apparatus 
1 00 by asserting the data terminal ready (DTR) line. The 
communication protocol, as illustrated and described 
with respect to FIGS. 6-16, was designed to keep the 
power usage by both the PDA 200 and the biosensor 
apparatus 100 to a minimum. 

[0022] FIGS. 6-13 are flow charts illustrating exem- 
plary sequential steps performed by the personal data 
assistant 200 in accordance with the present invention. 
Referringto FIG. 6, PDA 200 waits for a message B from 
the biosensor apparatus 1 00 or timeout as indicated in 
a block 600. The message B provides a software version 
number and reference method for the biosensor appa- 
ratus 100. Checking whether message B has arrived is 
performed as indicated in a decision block 602. If mes- 
sage B has not arrived, then the biosensor application 
is terminated as indicated in a block 604. Then the mo- 
dem hotsync application is run as indicated in a block 
606. When the message B has arrived, then a message 
C is sent to the biosensor apparatus 100 as indicated in 
a block 608. The message C is a query for a type of test 
strip. Next waiting for a message D from the biosensor 
apparatus 1 00 or a timeout is performed as indicated in 
a block 610. Checking whether message D has arrived 
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is performed as indicated in a decision block 61 2. If mes- 
sage D has not arrived, then an error message is dis- 
played as indicated in a block 614. Next waiting for the 
user to tap an OK button is performed as indicated in a 
block 616. Then the logbook screen is displayed as in- 
dicated in a block 618. If message D has arrived, then 
checking for a type of message D is performed as indi- 
cated in a block 620. With an error message, sequential 
operations continue following entry point A in FIG. 7. 
With a test strip message, sequential operations contin- 
ue following entry point B in FIG. 7. With a code strip 
message, sequential operations continue following en- 
try point C in FIG. 12. 

[0023] Referring to FIG. 7 following entry point A, an 
error from the module biosensor apparatus 1 00 is proc- 
essed as indicated in a block 702. An error message is 
displayed as indicated in a block 704. Waiting for user 
to tap an OK button is performed as indicated in a block 
706. Then the logbook screen is displayed as indicated 
in a block 708. Otherwise for a test strip message fol- 
lowing entry point B, the test strip message is processed 
as indicated in a block 710. Checking whether the bat- 
tery in the biosensor apparatus is dead is performed as 
indicated in a decision block 712. If the battery is dead, 
then an error message is displayed as indicated in a 
block 714. Waiting for user to tap an OK button is per- 
formed as indicated in a block 716. Then the logbook 
screen is displayed as indicated in a block 718. If the 
battery is not dead, then checking whether the temper- 
ature is out of range as indicated in a decision block 720. 
tf the temperature is out of range, then an error message 
is displayed as indicated in a block 722. Waiting for user 
to tap an OK button is performed as indicated in a block 
724. Then the logbook screen is displayed as indicated 
in a block 726. If the temperature is in range, then a test 
screen is displayed with a blinking blood drop and ena- 
bling the user to change the test strip code F# as indi- 
cated in a block 728. Then the sequential operations 
continue following entry point D in FIG. 8. 
[0024] Referring to FIG. 8, following entry point D 
checking for a low battery status is performed as indi- 
cated in a decision block 802. If a low battery is identi- 
fied, then a low battery indicator is displayed as indicat- 
ed in a block 804. Next checking for a marginal temper- 
ature status is performed as indicated in a decision block 
806. If a marginal temperature is identified, then a mar- 
ginal temperature indicator is displayed as indicated in 
a block 808. Then the CTS line is monitored on a set 
time interval, such as every 1/4 second as indicated in 
a block 81 0. Waiting for a timeout, such as 3 minutes or 
the CTS line to go low; with a user applied sample or an 
error for the module disconnected from the PDA as in- 
dicated in a block 812. Checking whether the CTS line 
is low is performed as indicated in a decision block 814. 
If the CTS line is not low, then an error message is dis- 
played as indicated in a block 816. Waiting for user to 
tap an OK button is performed as indicated in a block 
818. Then the logbook screen is displayed as indicated 



in a block 820. If the CTS line is low, then a message E 
is sent to query the biosensor apparatus whether the 
test has started as indicated in a block 822. Then waiting 
for a message F from the biosensor apparatus or a time- 

5 out is performed as indicated in a block 824. Checking 
whether message F has arrived is performed as indicat- 
ed in a decision block 826. When the message F is not 
identified, then an error message is displayed as indi- 
cated in a block 828. Waiting for the user to tap OK but- 

10 ton is performed as indicated in a block 830. Then the 
logbook screen is displayed as indicated in a block 832. 
When the message F is identified, then the sequential 
operations continue following entry point E in FIG. 9. 
[0025] In FIG. 9, a type of message F is identified as 

15 indicated in a block 902. An error from the module is 
processed as indicated in a block 904. An error mes- 
sage is displayed as indicated in a block 906. Waiting 
for user to tap an OK button is performed as indicated 
in a block 908. Then the logbook screen is displayed as 

20 indicated in a block 910. Otherwise for a test started 
message is processed as indicated in a block 912. A 
test countdown screen is displayed as indicated in a 
block 91 4. The CTS line is monitored, for example every 
quarter second as indicated in a block 91 6. Then waiting 

25 for a timeout, such as 35 seconds or the CTS line to go 
low for a completed test, an error in the module, or mod- 
ule disconnected from the PDA is performed as indicat- 
ed in a block 918. Then checking whether the CTS line 
is low is performed as indicated in a decision block 920. 

30 |f the CTS line is not low, then an error message is dis- 
played as indicated in a block 922. Waiting for user to 
tap an OK button is performed as indicated in a block 
924. Then the logbook screen is displayed as indicated 
in a block 926. If the CTS line is low, then a message G 

35 is sent as indicated in a block 928. Message G is a com- 
mand and data message type for storing the F# (pro- 
gram #) in the biosensor apparatus. Sequential opera- 
tions continue following entry point F in FIG. 10. 
[0026] Referring to FIG. 1 0, next a message H is sent 

40 to query the module for the test value as indicated in a 
block 1000. Waiting for a message I response and the 
test value data is performed as indicated in a block 1 002. 
Checking whether the message I has arrived is per- 
formed as indicated in a decision block 1 004. When the 

45 message I has not arrived, then an error message is dis- 
played as indicated in a block 1006. Waiting for user to 
tap an OK button is performed as indicated in a block 
1 008. Then the logbook screen is displayed as indicated 
in a block 1010. When the message I has arrived, then 

50 the type of message I is identified as indicated in a block 
1 01 2. An error from the module is processed as indicat- 
ed in a block 1 014. Then an error message is displayed 
as indicated in a block 1016. Waiting for user to tap an 
OK button is performed as indicated in a block 1018. 

55 Then the logbook screen is displayed as indicated in a 
block 1 020. Otherwise, a glucose value is processed as 
indicated in a block 1022. Next checking whether the 
module battery is dead is performed as indicated in a 
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block 1024. If the module battery is dead, then an error 
message is displayed as indicated in a block 1 026. Wait- 
ing for user to tap an OK button is performed as indicat- 
ed in a block 1 028. Then the logbook screen is displayed 
as indicated in a block 1 030. If the module battery is not 5 
dead, then checking whether the module temperature 
is out of range as indicated in a decision block 1032. If 
the module temperature is out of range, then sequential 
operations continue following entry point G in FIG. 11. 
If the module temperature is not out of range, then se- 
quential operations continue following entry point H in 
FIG, 11. 

[0027] Referring to FIG. 1 1 , following entry point G an 
error message is displayed as indicated in a block 1 1 02. 
Waiting for user to tap an OK button is performed as 
indicated in a block 1104. Then the logbook screen is 
displayed as indicated in a block 1106. Following entry 
point H the glucose value is displayed as indicated in a 
block 1108. Checking for a low battery is performed as 
indicated in a decision block 1110. If a low battery is 
identified, then a low battery indicator is displayed as 
indicated in a block 1112. Checking for a marginal tem- 
perature is performed as indicated in a decision block 
1 1 1 4. If a marginal temperature is identified, then a mar- 
ginal temperature indicator is displayed as indicated in 
a block 1116, Next waiting for the user to tap a DONE 
button is performed as indicated in a block 1118. The 
glucose record is stored as indicated in a block 1120. 
Then the logbook screen is displayed as indicated in a 
block 1120. 

[0028] Referring to FIG. 12, following entry point C af- 
ter a code strip message type is identified at block 620 
in FIG. 6, the code strip message is processed as indi- 
cated in a block 1202. Checking whether the battery in 
the biosensor apparatus is dead is performed as indi- 
cated in a decision block 1204. If the battery is dead, 
then an error message is displayed as indicated in a 
block 1 206. Waiting for user to tap an OK button is per- 
formed as indicated in a block 1208. Then the logbook 
screen is displayed as indicated in a block 1210. If the 
battery is not dead, then checking whether the temper- 
ature is out of range as indicated in a decision block 
1212. If the temperature is out of range, then an error 
message is displayed as indicated in a block 1 21 4. Wait- 
ing for user to tap an OK button is performed as indicat- 
ed in a block 1216. Then the logbook screen is displayed 
as indicated in a block 1218. If the temperature is not 
out of range, then a test screen is displayed without the 
blinking blood drop and without enabling the user to 
change the test strip code F# as indicated in a block 
1 220. Then the sequential operations continue following 
entry point I in FIG. 13. 

[0029] Referring to FIG. 13, following entry point I 
checking for a low battery status is performed as indi- 
cated in a decision block 1302. If a low battery is iden- 
tified, then a low battery indicator is displayed as indi- 
cated in a block 1 304. Next checking for a marginal tem- 
perature status is performed as indicated in a decision 



block 1306. If a marginal temperature is identified, then 
a marginal temperature indicator is displayed as indicat- 
ed in a block 1 308. Waiting for a timeout; the user to turn 
off the PDA; or the user to select another application is 
performed as indicated in a block 1312.. Then the dis- 
play returns to the logbook screen as indicated in a block 
1314, Then the user turns off the PDA or runs another 
application as indicated in a block 1316. 
[0030] FIGS. 1 4-1 6 are flow charts illustrating exem- 
plary sequential steps performed by the biosensor ap- 
paratus 100 in accordance with the present invention. 
Referring to FIG. 14, first the biosensor apparatus 100 
sends a message B to the PDA as indicated in a block 
1402. Message B provides a software version number. 
The biosensor apparatus 1 00 waits for the message C, 
query for type of test strip, from the PDA or a timeout as 
indicated in a block 1404. Checking whether message 
C has arrived is performed as indicated in a decision 
block 1406. When message C has not arrived, then the 
biosensor apparatus 100 is shut down as indicated in a 
block 1408. When message C has arrived, then the bi- 
osensor apparatus 1 00 sends message D as indicated 
in a block 1410. When an error and error code is sent 
as indicated in a block 1412, then the biosensor appa- 
ratus 100 is shut down as indicated in a block 1414. 
When a code strip response is sent as indicated in a 
block 1416, then the biosensor apparatus 100 is shut 
down as indicated in a block 1418. When a test strip 
response is sent as indicated in a block 1420, then the 
CTS line is set to high as indicated in a block 1 422. Then 
the biosensor apparatus 1 00 waits for a timeout, such 
as after three minutes or for the user to apply a sample 
as indicated in a block 1 424. Checking for a user applied 
sample is performed as indicated in a decision block 
1 426. When a user applied sample is not identified, then 
the biosensor apparatus 1 00 is shut down as indicated 
in a block 1428. When a user applied sample is identi- 
fied, then the sequential operations continue following 
entry point J in FIG. 15. 

[0031] Referring to FIG. 15, after a user applied sam- 
ple is identified, then the CTS line is set low as indicated 
in a block 1 502. Then the biosensor apparatus 1 00 waits 
for a message E or a timeout after a set number of sec- 
onds as indicated in a block 1504. Checking whether 
message E has arrived is performed as indicated in a 
decision block 1506. When message E has not arrived, 
then the biosensor apparatus 1 00 is shut down as indi- 
cated in a block 1508. When message E has arrived, 
then the biosensor apparatus 1 00 sets the CTS line high 
as indicated in a block 1510. The biosensor apparatus 
100 sends a message F to the PDA as indicated in a 
block 1512. Message F provides an error as indicated 
in a block 1514. Then the biosensor apparatus 100 is 
shut down as indicated in a block 1516. Message F in- 
dicates that the test has started as indicated in a block 
1518. Next the biosensor apparatus 100 waits for the 
test to complete, or the user to remove sensor or an error 
to occur as indicated in a block 1520. Then the biosen- 
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sor apparatus 1 00 sets the CTS line low as indicated in 
a block 1522. Next the biosensor apparatus 100 waits 
for a message G or timeout as indicated in a block 1 524. 
Then the sequential operations continue following entry 
point K in FIG. 16. 

[0032] Referring to FIG. 16, checking whether mes- 
sage G has arrived is performed as indicated in a deci- 
sion block 1 602. When message G has not arrived, then 
the biosensor apparatus 100 is shut down as indicated 
in a block 1604. When message G has arrived, then the 
biosensor apparatus 1 00 stores the test strip code F# 
as indicated in a block 1 606. Next the biosensor appa- 
ratus 1 00 waits for a message H from the PDA or a time- 
out as indicated in a block 1 608. Message H is a query 
for the test value. Checking whether message H has ar- 
rived is performed as indicated in a decision block 1610. 
When message H has not arrived, then the biosensor 
apparatus 100 is shut down as indicated in a block 1 612. 
When message H has arrived, then the biosensor ap- 
paratus 100 sends a message I as indicated in a block 
1614. Message I provides an error as indicated in a 
block 1616. Then the biosensor apparatus 100 is shut 
down as indicated in a block 1618. Message I indicates 
a glucose value as indicated in a block 1620. Then the 
biosensor apparatus 1 00 is shut down as indicated in a 
block 1622. 

[0033] While the present invention has been de- 
scribed with reference to the details of the embodiments 
of the invention shown in the drawings, these details are 
not intended to limit the scope of the invention as 
claimed in the appended claims. 



Claims 

1 . A system for communications between a biosensor 
apparatus and a personal data assistant, said sys- 
tem comprising: 

the biosensor apparatus including 

a sensor for receiving a user sample to be 

measured; 

a microcontroller for performing a predefined 
test sequence for measuring a predefined pa- 
rameter value; 

an interface logic block coupled to said micro- 
controller for communicating with the personal 
data assistant; 

the personal data assistant including an inter- 
face logic block for communicating with the bi- 
osensor apparatus; and the personal data as- 
sistant providing an operator interface, data 
management and analysis of biosensor results. 

2. A system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 1 wherein said microcontroller controls 
timed measurements during said predefined test 



sequence for measuring said predefined parameter 
value; said timed measurements including an am- 
bient temperature value; and calculates said prede- 
fined parameter value utilizing said ambient tem- 
5 perature value. 

3. A system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 2 wherein the personal data assistant pre- 
10 defined screens to the user for receiving user pref- 
erences and user entered records; for editing stored 
records; and for logbook functions; and for analysis 
and graphical display of biosensor results. 

15 4. a system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 1 wherein said microcontroller detects in- 
sertion of said sensor; said microcontroller applies 
an interrupt to the personal data assistant respon- 
se) sive to said sensor being inserted and said micro- 
controller sends predefined messages to the per- 
sonal data assistant during said predefined test se- 
quence. 

25 5. A system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 4 wherein said microcontroller monitors 
battery status and temperature status for identifying 
error conditions. 

30 

6. A system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 1 wherein the personal data assistant mon- 
itors a clear to send (CTS) line; and said microcon- 

35 trailer uses said CTS line to indicate said sensor be- 
ing inserted to start said predefined test sequence 
and said microcontroller uses said CTS line to indi- 
cate an applied sample to said sensor. 

7. A system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 6 wherein said microcontroller sends a test 
started message to the personal data assistant to 
start said predefined test sequence. 

45 

8. A system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 7 wherein the personal data assistant dis- 
plays a countdown screen responsive to said test 

50 started message; and the personal data assistant 
sends a predefined query message to the biosensor 
apparatus, said predefined query message for re- 
questing a test result value. 

55 9. a system for communications between a biosensor 
apparatus and a personal data assistant as recited 
in claim 8 wherein said microcontroller sends said 
test result value to the personal data assistant and 
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the persona) data assistant displays said test result 
value. 

10. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant comprising the steps of: 

providing the biosensor apparatus with a sen- 
sor for receiving a user sample and a microcon- 
troller for performing a predefined test se- 
quence for measuring a predefined parameter 
value; 

utilizing the biosensor apparatus for transfer- 
ring status information and said predefined pa- 
rameter value to the personal data assistant; 
and 

utilizing the personal data assistant for provid- 
ing an operator interface, data management 
and analysis of biosensor results. 

11. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 10 wherein said micro- 
controller applies an interrupt to the personal data 
assistant responsive to said sensor being inserted. 

12. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 1 0 wherein the person- 
al data assistant monitors a clear to send (CTS) line; 
and said microcontroller uses said CTS line to indi- 
cate an applied sample to said sensor; a competed 
test and when an error has occurred. 

13. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 10 wherein said micro- 
controller sends a predefined message identifying 
said inserted sensor and status of the biosensor ap- 
paratus to the personal data assistant; and the per- 
sonal data assistant displays a predefined test 
screen to prompt the user to apply a sample. 

14. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 1 3 wherein the person- 
al data assistant monitors a clear to send (CTS) line 
to indicate an applied sample to said sensor. 

15. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 1 0 wherein said micro- 
controller sends a predefined test started message 
to the personal data assistant to start said prede- 
fined test sequence. 

16. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 



assistant as recited in claim 15 wherein the person- 
al data assistant displays a countdown screen re- 
sponsive to said predefined test started message. 

5 17. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 10 wherein said micro- 
controller sends a predefined test results message 
to the personal data assistant; and the personal da- 

10 ta assistant displays a test results screen respon- 
sive to said predefined test results message. 

18. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 

15 assistant as recited in claim 1 7 wherein the biosen- 
sor apparatus shuts down responsive to sending 
said predefined test results message. 

19. A method for implementing communications be- 
20 tween a biosensor apparatus and a personal data 

assistant as recited in claim 10 wherein responsive 
to the biosensor apparatus transferring an error sta- 
tus information, the personal data assistant dis- 
plays an error message and then displays a logbook 
25 screen. 

20. A method for implementing communications be- 
tween a biosensor apparatus and a personal data 
assistant as recited in claim 10 wherein the person- 
al data assistant displays a graph screen for analy- 
sis of biosensor results. 



21. A diagnostic system comprising: 

35 a personal data assistant; and 

a biosensorfor measuring a predefined param- 
eter value; said biosensor apparatus compris- 
ing a hardware module arranged for attaching 
to said personal data assistant. 
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FIG. 15 
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